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It  is  known  that  during  mixed  infections  there  are  observed 
deviations  in  the  typical  development  of  the  illness.  We  have  deter- 
mined that  in  types  of  animals  with  a low  sensitivity  to  tularemia 
prior  infection  by  other  stimulants  activates  protective  factors  and 
causes  an  accelerated  development  of  specific  immunity  reactions.  In 
these  cases  the  animals  withstand  (?  word  cut  off  on  Xerox  - TRANSLATOR) 
infection  with  massive  fatal  dosages  of  the  tularemia  microbe. 

In  animal  types  which  are  highly  sensitive  to  tularemia,  in 
the  event  of  mixed  infection  there  is  an  increase  in  the  duration  of  the 
illness  and  a decrease  in  the  intensity  of  septicemia  /5,6/.  The 
mechanism  of  these  deviations  during  tularemia  is  undetermined  (?  word 
cut  off  on  Xerox  - TRANSLATOR). 

Phagocytosis  is  a significant  factor  in  the  protection  of  an 
organism.  We  studied  the  absorptive  and  digestive  functions  of  the 
neutrophils  in  rabbits,  common  field  and  white  mice  infected  with 
pseudotuberculosis,  and  guinea  pigs  infected 

with  salmonella.  The  study  was  carried  out  in  the  opsonophagocytary 
raction  (OPR)  with  homologous  and  tularemic  microbes,  according  to  the 
previously  described  method  111,  The  reaction  was  staged  simultaneously 

-> 
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in  animals  with  various  periods  of  infection  and  in  control  (intact) 
individuals.  In  each  group  to  5 animals  were  studied.  In  field 
mice  and  mice  blood  was  taken  from  the  heart  after  their  mortification; 
from  guinea  pigs  — while  alive. 

TABLE  1 Phagocytic  activity  of  the  neutrophils  in  the  blood  of 
field  mice  infected  with  pseudo-tuberculosis 


tr.,.  j - 1--  ^ 

OOP  c Ty;iMpeMMAHuy  MMKpoCoM 


HuTaxTHue:  I MTACT ; 


1 1.5  5.7  0,49  46  23  10  4,2  0,42  40 

l2.2  9.2  0.75  49  37  10  6.0  0,60  40 

12.7  6.0  0.48  51  24  8.7  7.2  0,82  35 

9,2  16,5  1,78  37  66  6.2  4,2  0 65  25 


control  10514th  day  4.2  14.3  3.54  17  57  4.5  6.0  1.33  18  24 

control  by  7th  day  . 6.0  16,0  2,66  24  64  7.7  12,0  1.55  31  48 

On  the  day  of  the  study  of  the  OPR  in  animals  at  various 
stages  of  illness  from  the  primary  infection,  as  well  as  animals  of 
the  control  group  were  infected  subcutaneously  homolateral ly  with 
0.3  ml  dilution  tularemia  culture  (strain  No.  503),  containing  10 
microbe  cells  per  1 ml,  which  accorded  with  1 Dclm. 

In  field  mice  infected  with  pseudotuberculosis  with  a dose 
of  100  000  microbe  cells,  there  was  an  increase  in  the  absorptive  and 
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the  homologous  but  to  the  tularemic  microbe  (Table  1).  This  increase 
is  expressed  clearly  by  the  i*th  to  10th  day  after  infection  with 
the  pseudotuberculosis  stimulant,  and  is  less  perceptible  on  the  l^ith 
day  of  illness.  In  the  reaction  with  the  pseudotuberculosis  bacteria 
the  functional  capacity  of  the  leucocytes  was  retained  for  the  duration 
of  the  entire  experiment,  which  is  connected  with  the  formation  of  a 
specific  immunity  in  the  infected  field  mice.  In  intact  field  mice 
the  absorption  index  of  tularemia  microbes  increases  chronograph i cal 1y 
by  2.66  to  3.5^  times  and,  in  the  reaction  with  pseudotuberculosis 
bacteria,  by  1.33  to  1.55  times,  which  reflects  the  varying  extent 
of  sensitivity  to  infection  on  the  part  of  filed  mice  to  these  bacteria. 

In  white  mice  the  OPR  was  studied  on  the  7th  and  11th  day 
after  infection  with  pseudotuberculosis  microbes  in  a dose  of  10,000 
microbe  cells.  The  absorption  indeces  for  tularemia  bacteria  after  30 
minutes  equalled  15.5  and  20.5,  respectively,  and  13.2  in  intact  mice. 
After  60  minutes  of  reaction  the  indeces  rose  in  mice  infected  with 
pseudotuberculosis  by  1.07  to  1.5  times,  and  by  2.17  times  in  intact, 
specimens.  In  the  reaction  to  the  pseudotuberculosis  microbe  the  ratio 
of  indeces  on  the  7th  day  of  infection  comprised  1.37,  and  0.59  on  the 
11th  day.  In  intact  mice  the  absorption  index  increased  1.98  times. 

All  78  field  mice  infected  with  tularemia  microbes  on  the 
4th,  7th,  10th  and  I4th  days  after  introduction  of  the  pseudotuberculosis 
bacteria  died,  the  majority  — in  the  same  period  as  the  control,  by 
the  6th  to  7th  day.  13  field  mice  died  by  the  8th  to  10th  day.  However, 
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with  mixed  infection  there  was  a decreased  intensity  of  organ  in- 
semination, particularly  of  the  blood,  which  was  expressed  distinctly 
in  the  case  of  a 4 to  7 day  interval  between  infections  (Table  2). 

In  11  field  mice  the  results  of  microscopic  study  of  smears  from 
organs  were  negative,  and  the  presence  of  tularemia  microbes  was 
determined  only  by  seeding  on  Yemel ' y^nova ' s blood  agar  with  peni- 
cillin. 


TABLE  2. 

Insemination  by  tularemia  bacteria  of  organs 

field  mice  during  mixed  infection 

in  dead 

Interval  between  No. 
infections.  Days  of 

field 

mice 

Presence  of 

tularemia  bacteria 

in  smears 

Spleen 

Liver 

Blood 

+ _ « 

+ 

+ 

- 

4 

22 

17  5 

12  10 

5 

17 

7 

19 

15  4 

13  6 

7 

12 

18 

16  2 

15  3 

13 

5 

19 

19 

17  2 

15 

4 

TOTAL 

78 

11(14. U) 

21(26.7%) 

38(48.71) 

Control 

20 

20 

20 

20 

- 

Typical  for  animals  highly  sensitive  to  tularemia  was  a 
maximum  insemination  of  III  - IV  scores  /9/  observed  in  the  spleen  of 
70,5^  of  the  field  mice,  in  the  liver  of  52.2^  and  in  the  blood  of  only 
39.7^  of  individuals.  In  20  control  field  mice  insemination  of  the 
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organs  and  blood  reached  III  - IV  scores  in  all  cases.  During  mixed 
infection  vacuolated  cells  — monocytes  --  were  found  in  smears  from 
organs,  and  neutrophils  with  phagocyted  tularemia  bacteria  in  the  blood. 


Among  the  78  field  mice  that  died,  phagocytal  cells  were  found  in  the 
spleens  of  26%  of  the  individuals,  in  the  livers  of  36.3%  and  in  the 
blood  of  32.4%.  With  intervals  between  infections  of  4,  7,  10  and  14 
days,  phagocytic  cells  were  found,  respectively,  in  63.6,  57.6,  38.8 
and  36.7%  of  the  dying  field  mice.  During  monotularemia,  phagocytic 
cells  are  found  very  infrequently,  in  consequence  of  their  complete 
destruction  and  the  filling  of  the  entire  field  of  view  with  tularemia 
bacteria. 

Of  80  mice  infected  with  tularemia  bacteria  after  3,  5,  7 and 
14  days  after  the  introduction  of  the  pseudotuberculosis  bacteria  74 
died.  38  died  within  the  same  time  period  as  the  controls  — by  the 
6th  to  7th  day,  22  — by  the  8th  to  9th  day,  and  14  mice  by  the  10th 
to  12th  day.  The  intensity  of  insemination  with  tularemia  bacteria  was 
high,  and  only  in  7 mice  was  the  bacteremia  evaluated  at  l-ll  scores. 
Phagocytosis  of  tularemia  bacteria  was  observed  in  smears  from  the 
spleen  in  6.8%,  in  the  liver  of  17.7%  and  in  the  blood  of  19.1%,  of  the 
74  individuals  that  died.  During  intervals  between  infections  of  3,  5, 

7 and  14  days,  phagocytosis  was  observed,  respectively,  in  35.3,  40.0, 
27.7  and  1.3%  of  the  mice.  The  surviving  7 mice  were  infected  after  20 
days  with  a minimum  dose  of  tularemia  bacteria  and  died  by  the  7 to  10th 
day. 

The  decrease  in  septicemia  and  the  frequency  of  phagocytosis 
manifestation  coincided  with  the  period  of  increased  nonspecific 
digestive  activity  by  the  leucocytes  in  the  first  7 days  of  the  develop- 
ment of  pseudotubercular  infection.  Later,  the  phagocytosis  obtained 


specificity  with  respect  to  the  pseudotuberculosis  bacteria  and  had 


no  observable  effect  on  the  multiplication  of  tularemia  bacteria 
in  vitro  and  in  the  animals'  organisms. 

As  can  be  seen  from  Table  3*  in  guinea  pigs  infected  with 
S.  typhimurium  in  a dose  of  500  million  microbe  cells,  the  increase 
in  phagocytary  activity  to  the  tularemia  microbe  was  traced  over  a 
long  period  of  time.  Even  5^  days  after  the  infection  there  was  observed 
some  bacteriostatic  activity  of  phagocytosis,  as  compared  to  the 
intact  individuals. 


TABLE  3.  Phagocytic  activity  of  neutrophils  in  the  blood  of  guinea 
pigs  infected  with  S.  typhimurium. 
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54 

39 
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0,80 

12.0 
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48 
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32,6 

0.84 
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0,43 

34 

26 
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22,2 

0,95 

10.5 

18.5 
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42 

60 

48 

31,5 

0,60 
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1.67 

30 
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24  guinea  pigs  were  infected  with  tularemia  bacteria  3,  7,  9, 

14  and  22  days  following  the  introduction  of  S.  typhimurium.  In  12  of 
them  the  OPR  was  investigated  on  the  5th  day  following  the  infection  with 
tularemia  bacteria.  An  increase  in  the  digestive  activity  of  the  neutro- 
phils was  observed  in  8 guinea  pigs.  The  ratio  of  absorption  indeces 
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after  60  and  30  minutes  of  the  reaction  fluctuated  between  0.^7 
and  0.93*  In  k guinea  pigs  the  decrease  in  the  nuber  of  microbes 
in  the  neutrophils  was  expressed  weakly:  absorption  indeces  after 
60  minutes  remained  the  same  or  increased  to  1.6  times.  In  the 
control  guinea  pigs  infected  only  with  tularemia  bacteria  the 
absorption  indeces  increased  chronograph ical 1y  by  1.8  to  2.k  times. 

9 control  guinea  pigs  died  from  tularemia  by  the  8th  to 
13th  day,  by  the  11th,  6th  day  on  the  average.  Of  2^  guinea  pigs 
infected  with  mixed  infection  19  died.  7 guinea  pigs  died  by  the 
10th  to  13th  day,  k on  the  14th  to  15th  and  8 died  within  the 
period  17th  to  25th  day.  The  average  period  before  death  in  the 
various  groups  fluctuated  between  13.6  and  16.3  days.  In  some 
of  the  guinea  pigs  who  died  by  the  17th  to  25th  day  antibodies  were 
found  in  the  blood  for  the  tularemia  microbe  in  titers  of  1;10, 

1:40  and  1:l60.  In  guinea  pigs  that  died  by  the  13th  to  I4th  day 
such  antibodies  were  not  discovered. 

Undoubtedly,  the  prolonged  course  of  tularemia  during  mixed 
infection  is  connected  with  the  increase  in  phagocytosis.  This  is 
seen  clarly  when  comparing  the  periods  before  death  of  63  guinea  pigs 
infected  with  tularemia  bacteria  in  various  periods  after  salmonel- 
losis and  l i'steriosis,  and  also  of  the  control  animals  with  OPR 
indicators  studied  on  the  day  of  infection  with  tularemia  (Table  4). 

The  data  concerning  the  guinea  pigs  that  survived  are  of 


interest,  too.  In  previous  experiments  there  were  observed  cases 
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of  guinea  pigs  ill  with  tularemia  in  concert  with  other  infections  — 
salmonellosis,  pseudotuberculosis  and  listeriosis.  In  them  were 
found  antibodies  against  the  tularemia  microbe  and  a long-term 
(up  to  i*0  - 118  days)  carrying  of  tularemia  bacteria  /6/. 


TABLE  k.  Comparison  of  death  times  for  guinea  pigs  with  the 
digestive  activity  of  neutrophils. 


Period  of 
death. 

Days 

Number  of 

Guinea 

pigs 

Absorption  index  ratio 

60  minutes:30  minutes 

less  than  1 

1 

greater  than  1 

i*  - 11 

22 

21 

1 

0 

12-  16 

26 

8 

k 

1i* 

17-  25 

15 

2 

1 

12 

In  the  present  experiment,  the  5 surviving  guinea  pigs 
were  examined  on  the  32nd  day  following  the  introduction  of  the 
tularemia  bacteria,  respectively  on  the  35th  - i»6th  day  after 
salmonella  infection.  In  all  guinea  pigs  there  was  salmonellosis  -- 
agglutination  reaction  positive  in  serum  diluted  1:160  to  1:2560. 

When  staging  the  agglutination  reaction  with  tularemia  diagnosis  and 
separate  study  of  lymph  nodes,  spleen,  liver  and  lungs  with  the  use  of 
bioprobes  in  white  mice,  tularemia  disease  was  not  found. 

In  3 guinea  pi^  prior  to  infection  an  OPR  was  made  which 
found  intensive  digestion  of  the  tularemia  microbe.  Absorption  indeces 


-9- 


I 

I 


The  number  of  bacteria  absorbed  by  25  neutrophils,  in  the 
first  smears,  comprised  86,  115  and  51,  and  in  the  second  ones  decreased 
to  21,  28  and  31.  The  increase  in  the  digestive  capacity  of  the 
leucocytes  could  cause  a destruction  of  a small  number  of  innoculated 
bacteria  (tularemia)  in  the  adaptation  phase,  which  prevented  the 
development  of  infection.  Similar  cases  during  mixed  infection  were 
observed  infrequently  in  the  previous  experiments  /5,  6/  as  well. 

Far  more  frequently  there  is  a description  of  cases  of  survival  by 
white  mice  and  guinea  pigs  infected  with  plague  microbes  in  conjunction 
with  other  microbes  /I,  2,  k,  8,  10/. 

Bacteriological  and  serological  investigation  of  the 
surviving  individuals  found  no  plague  illness.  Probably  in  these  cases, 
too,  the  "cross  phagocytosis"  /3,  8/  had  a mortifying  effect  on  the 
plague  microbe  duting  its  adaptation  period  in  the  organism.  Often 
such  animals  are  considered  "unrecept ive",  "resistant"  or  insensitive 
to  infection.  In  fact,  in  these  cases  there  takes  place  an  insignificant 
rise  in  the  reception  threshold  in  consequence  of  temporary  activation 
of  the  nonspecific  protective  factor  of  phagocytosis.  Repeated  infection 
of  these  animals  causes  the  development  of  fatal  infection. 


CONCLUSIONS 


1.  The  infection  of  animals  highly  sensitive  to  tularemia 
with  sublethal  doses  of  pseudotuberculosis  and  salmonella  bacteria 
causes  an  increase  in  the  absorptive  and  digestive  activity  of  the 


leucocytes  to  the  homologous  and  tularemia  microbes. 

2.  The  activation  of  the  nonspecific  protective  factor  of 
phagocytosis  causes  deviations  in  the  typical  course  of  tularemia, 
causing  an  increase  in  the  course  of  the  illness,  a decrease  in  the 
intensity  of  septicemia  and,  rarely,  an  increased  sensitivity 
threshold  connected  with  the  death  of  small  doses  of  the  microbe 
during  the  adaptation  stage. 
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